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$z=0$ $x,$ $y,$ $z$ ( 1
$z$
1
1761 2011 27-44 27
$)$ ,
$\frac{\partial^{2}\phi}{a^{2}}+\frac{\partial^{2}\phi}{\phi^{2}}+\frac{\partial^{2}\emptyset}{\partial z^{2}}=0$ for $0<z<\eta$ , (2.1)
$\frac{\partial\eta}{\partial t}+\frac{\partial\emptyset\partial\eta}{h\partial x}+\frac{\partial\phi\partial\eta}{\partial\nu\Phi}=\frac{\partial\phi}{\partial z}$ at $z=\eta$ , (2.2)
$\frac{\partial\emptyset}{\partial t}+\frac{1}{2}[(\frac{\partial\emptyset}{\partial\kappa})^{2}+(\frac{\partial\emptyset}{\phi})^{2}+(\frac{\partial\emptyset}{\partial z})^{2}]+\eta=f$ at $z=\eta$ , (2.3)
$\frac{\partial\phi}{\partial z}=0$ at $z=0$ , (2.4)
$t$ $\emptyset(x,y,z,t)$ $\eta(x,y,t)$
$f$
$(2.1)-(2.4)$ $y$ , $t$ $x$
$(\Phi,H)$ :
$\emptyset=-vx+\Phi(x,z),$ $\eta=H(x)$ . $(2.5a,b)$









$\nabla_{\perp}^{2}\Phi=0$ for $0<z<H$ , (2.8)
$(-v+ \frac{\partial\Phi}{\ })\frac{dH}{dx}=\frac{\partial\Phi}{\partial z}$ at $z=H$ , (2.9)
$-v \frac{\partial\Phi}{\ }+\frac{1}{2}[(\frac{\partial\Phi}{\ })^{2}+( \frac{\partial\Phi}{\partial z})^{2}]+H=1$ at $z=H$ , (2.10)
$\partial\Phi$





$a= \max(H)$ -min(H), (2.13)
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$a$ $k$ $v$ $a$ $k$
$v=v(a,k)$ $k=0$






$\frac{\partial\Phi^{*}}{\partial x}arrow U,$ $\frac{\partial\Phi}{\partial z}arrow 0,$ $H^{*}arrow 1+v^{*}U-\frac{U^{2}}{2}$ as $xarrow\pm\infty$ , (2.14)
$(\Phi^{*},H^{*})$ $x=\pm\pi/k$ $U$
$(\Phi^{*},H^{*})$ $(A13a)$
$\Phi^{*}(x,z)-\Phi^{*}(-x,z)arrow 2Ux+C^{*},$ $H^{*}(x)-H^{*}(-x)arrow 0$ as $xarrow\infty$ , (2.15)
$2\pi U/k=-C^{*}$ $U$ $(\Phi^{*},H^{*})$ (26)
$U$
$U=U_{0} \equiv\sum_{n=1}^{\infty}\frac{1}{n!}(\frac{k}{2\pi}I^{n}[\frac{\partial^{n-1}(-C)^{n}}{\partial U^{n-1}}]_{tI_{-}\triangleleft}$ , (2.16)
$(\Phi,H)$ $U=U_{0}$ $(\Phi^{*},H^{*})$
$k$ :
$\Phi=\Phi_{0}+k\Phi_{1}+k^{2}\Phi_{2}+\cdots$ , $H=H_{0}+kH_{1}+k^{2}H_{2}+\cdots$ , $(2.17a,b)$
$v=v_{0}+kv_{1}+k^{2}v_{2}+\cdots$ . (2.17c)
$(\Phi_{0},H_{0})$ $v_{0}\equiv v(a,0)$
$( \Phi_{n},H_{n})=\frac{1}{(2\pi)^{n}n!}[\frac{\partial^{n-1}}{\partial U^{n-1}}((-C^{\cdot})^{n}\frac{\partial(\Phi^{*},H^{*})}{\partial U})]_{U=0},$ $v_{n}= \frac{1}{(2\pi)^{n}n!}[\frac{\partial^{n-1}}{\partial U^{n-1}}((-C^{*})^{n}\frac{\partial v^{*}}{\partial U})]_{U=0},(2.18)$
(2.18) $(\Phi_{0},H_{0})$
$n=1$
$\Phi_{1}=-\frac{C}{2\pi}[x+v_{0}(\frac{3}{2}\Phi_{0}-x\frac{\partial\Phi_{0}}{\partial x}-z\frac{\partial\Phi_{0}}{\partial z})],$ $H_{1}=-\frac{C}{2\pi}v_{0}(H_{0}-x\frac{dH_{0}}{dx})$ ,
$v_{1}=- \frac{C}{2\pi}(\frac{v_{0}^{2}}{2}+1)$ . (2.19)
$C$ (A7a)
(2.17) (2.1)-(24) $(2.1)-(2.4)$
$\emptyset=-vx+\Phi+\hat{\phi}(x,z)\exp[i(\omega t-K_{X}x-K_{y}y)]$ , (2.20a)
$\eta=H+\hat{\eta}(x)\exp\lfloor i(\omega t-K_{X}x-K_{y}y)\rfloor$ . (2.20b)
$K_{x}$ , $K_{y}$ a) $(\hat{\phi},\hat{\eta})$
(2.20) (2.1)-(24) $(\hat{\phi},\hat{\eta})$ $x=\pm\pi/k$
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$(\hat{\phi},\hat{\eta})$
$\nabla_{\perp}^{2}\hat{\phi}=(2iK_{X}\frac{\partial}{\partial x}+K_{X}^{2}+K_{y}^{2})\hat{\phi}$ for $0<z<H$ , (2.21)
$L_{K}[\hat{\phi},\hat{\eta}]=iK_{X}[(-v+\frac{\alpha n}{\ }) \hat{\eta}+\frac{dH}{dx}\hat{\phi}]-$ ito $\hat{\eta}$ at $z=H$ , (2.22)
$L_{D}[\emptyset^{\wedge},\hat{\eta}]=iK_{X}(-v+\frac{\partial\Phi}{\partial x})\hat{\phi}-i\omega\hat{\phi}$ at $z=H$ , (2.23)
$\frac{\partial\hat{\phi}}{\partial z}=0$ at $z=0$ , (2.24)
$\hat{\phi}(-\pi/k,z)=\hat{\phi}(\pi/k,z),\hat{\eta}(-\pi/k)=\hat{\eta}(\pi/k)$ . (2.25)
$L_{K}$ $L_{D}$
$L_{K}[\emptyset^{\wedge},\hat{\eta}]=(-\frac{\partial}{\partial z}+\frac{dH\partial}{dx\partial x})\hat{\phi}+[\frac{\partial^{2}\Phi}{a^{2}}+\frac{\partial^{2}\Phi dH}{\ \partial zdx}+(-v+ \frac{\partial\Phi}{\ })\frac{d}{dx}]\hat{\eta}$ , (2.26a)
$L_{D}[\hat{\phi},\hat{\eta}]=[(-v+\frac{\partial\Phi}{\ }) \frac{\partial}{\partial x}+\frac{\partial\Phi\partial}{\partial z\partial z}]\hat{\phi}+[(-v+\frac{\partial\Phi}{\ }) \frac{\partial^{2}\Phi}{\ \partial z}+\frac{\partial\Phi\partial^{2}\Phi}{\partial z\partial z^{2}}+1]\hat{\eta}$. (2.26b)
(2.21)-(2.25) $aJ$ , $(\emptyset^{\wedge},\hat{\eta})$
$\omega$
3.
(2.17) $k=0$ $(\Phi_{0},H_{0})$ ( $v_{0}$ )
2 1 $\beta$




$\hat{\emptyset}=\frac{\partial\Phi_{0}}{\ }, \hat{\eta}=\frac{dH_{0}}{dx},$ $\omega=\omega_{s}(K_{y})\equiv\pm\sqrt{\frac{v_{0}EK_{y}^{2}}{dE/dv_{0}}}$ , (3.2a-c)
[10]. $K_{y}$
$\omega_{s}(K_{y})$ (3.1), (3.2) $K_{X}$ , $K_{y}$
( $K_{y}$ )
$k=0$ (3.1), (3.2) $k>0$
(3.1), (3.2) $(\emptyset^{\wedge},\hat{\eta})$ $Xarrow-\infty$ $xarrow\infty$
$(\partial\Phi_{0}/h,$ $H_{0}$ $xarrow\pm\infty$ $0$
;(A6) ), $(\emptyset,\hat{\eta})$ $\pi/k<x<\pi/k$
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$(K_{X},K_{y})$
$(mk,0)$ ( $m$ ) 2 $\omega$



















I (3.4) $K_{X}-K_{y}$ $(K.,K_{y})=(mk/2,0)$
$K_{X}$ $m$ $K_{y}$ $mkv_{0}^{2}$





2 $a=0.1,0.4,0.7$ $karrow 0$ (3.4) $m=$
$\pm 1,\pm 2,\pm 3$ ( : $|$Kx $|>$ mk/2, , : $|K_{X}|<mk/2$ ) $(3\sim X\sim \mathfrak{x} b>0,$ $b<0)$
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II (3.7) $K_{X}-K_{y}$ 4





4. $<$ 11(3. 6) $>$
$(2.21)-(2.25)$ $karrow 0$ $(K_{X},K_{y})$ $k$
$(K_{x}=O(k), K_{y}=O(k))$ (36)( (37)) $O(k^{3/2})$
$K_{x}=\otimes_{1}+k^{3/2}p_{3/2},$ $K_{y}=$ $I+$ $k^{3/2}q_{3/2}$ , (4.1)
$p_{1}$ $q_{1}$
$p_{1}= \pm\frac{v_{0}+b}{\sqrt{(v_{0}^{2}-1)(b^{2}-1)}}q_{1}$ , (4.2)
$O(1)$ (b (39) ) $p_{3/2}$ $q_{3/2}$ $O(1)$
4.1.
(2.21)-(2.24) $x,$ $z$ [ $\partial\emptyset$ /a $=O(\hat{\phi})$ ,
$\partial\hat{\phi}/\partial z=O(\emptyset^{\wedge}),$
$d\hat{\eta}/dx=O(\hat{\eta})]$ $k^{1/2}$ :





$( \hat{\phi}_{co},\hat{\eta}_{co})=(\frac{\partial\Phi_{0}}{\ }, \frac{dH_{0}}{dx}),$ $(\hat{\phi}_{C1/2},\hat{\eta}_{C1/2})=(\beta,0),$ $\omega_{1}=\frac{1-v_{0}^{2}}{v_{0}+b}p_{1}$ . (4.4a-c)




$\nabla_{\perp\emptyset_{Cn}^{\wedge}}^{2}=F_{n}$ for $0<z<H_{0}$ , (4.5)
$L_{K0}[\emptyset_{Cm}^{\wedge},\hat{\eta}_{Cn}]=G_{n}$ at $z=H_{0}$ , (4.6)
$L_{D0}[\emptyset_{Cn}^{\wedge},\hat{\eta}_{Cn}]=I_{n}$ at $z=H_{0}$ , (4.7)




$L_{Kn}$ $L_{Dn}$ $z=H(=H_{0}+kH_{1}+\cdots)$ $L_{K}$ $L_{D}$ $O(k^{n})$
$n=0,1$
$L_{K0}[\emptyset^{\wedge},\hat{\eta}]=(-\frac{\partial}{\partial z}+\frac{dH_{0}\partial}{dx\partial x})\hat{\emptyset}+(\frac{\partial}{\partial x}+\frac{dH_{0}\partial}{dx\partial z})[(-v_{0}+\frac{\partial\Phi_{0}}{\partial x})\hat{\eta}]$, (4.10a)
$L_{D0}[\hat{\phi},\hat{\eta}]=[(-v_{0}+\frac{\partial\Phi_{0}}{\partial x})\frac{\partial}{\partial x}+\frac{\partial\Phi_{0}\partial}{\partial z\partial z}]\hat{\emptyset}+[(-v_{0}+\frac{\partial\Phi_{0}}{\partial x})\frac{\partial^{2}\Phi_{0}}{\partial x\partial z}+\frac{\partial\Phi_{0}\partial^{2}\Phi_{0}}{\partial z\partial z^{2}}+1]\hat{\eta},$ $(4.10b)$
$L_{K1}[\hat{\phi},\hat{\eta}]=(\frac{\partial}{\ }+ \frac{dH_{0}\partial}{dx\partial z})[H_{i}\frac{\partial\emptyset^{\wedge}}{\partial\kappa}+(-v_{1}+\frac{\partial\Phi_{1}}{\ }+ \frac{\partial^{2}\Phi_{0}}{\partial\kappa\partial z}H_{1})\hat{\eta}]-H_{1}\nabla_{\perp}^{2}\emptyset^{\wedge}$ , (4.10c)
$L_{D1}[\hat{\phi},\hat{\eta}]=[(-v_{1}+\frac{\partial\Phi_{1}}{\partial x}+\frac{\partial^{2}\Phi_{0}}{\partial x\partial z}H_{1})\frac{\partial}{\partial x}+(\frac{\partial\Phi_{1}}{\partial z}+\frac{\partial^{2}\Phi_{0}}{\partial z^{2}}H_{1})\frac{\partial}{\partial z}+H_{1}((-v_{0}+\frac{\partial\Phi_{0}}{\partial x}I\frac{\partial^{2}}{\partial x\partial z}+\frac{\partial\Phi_{0}\partial^{2}}{\partial z\partial z^{2}}1]\emptyset^{\wedge}$




$)$ $z=0$ $\partial\emptyset^{\wedge}/\partial z=0$
$f_{\infty}\{1^{H_{0}}\frac{\partial\Phi_{0}}{\partial x}\nabla_{\perp}^{2}\emptyset^{\wedge}\ +[ \frac{\partial\Phi_{0}}{\partial\kappa}L_{K}$
0
$[ \hat{\phi},\hat{\eta}]-\frac{dH_{0}}{dx}L_{D0}[\emptyset^{\wedge},\hat{\eta}]]_{-\overline{-}H_{0}}\sim\}dx=0$ , (4.11)
$[1_{=H_{0}}$ $z=H_{0}$
(4.5)-(4.8) $xarrow\pm\infty$
$F_{n},$ $G_{n},$ $I_{n}$ :
$r_{\infty}\{\iota^{H_{0}}\frac{\partial\Phi_{0}}{\partial x}F_{n}\ +[ \frac{\partial\Phi_{0}}{\partial x}G_{n}-\frac{dH_{0}}{dx}I_{n}]_{-=H_{0}}-\}dx=0(n=1,3/2,2,\cdots)$ . (4.12)
$n=1$ 3/2 (4.12) $(4.5)-(4.8)$
$\emptyset_{C1}^{\wedge}=\frac{\partial\Phi_{1}}{\partial\kappa}+ip_{1}x\frac{\partial\Phi_{0}}{\partial x}-i\omega_{1}\frac{\partial\Phi_{0}}{\partial v_{0}}$ , $\hat{\eta}_{C1}=\frac{dH_{1}}{dx}+ip_{I}x\frac{dH_{0}}{dx}-i\omega_{1}\frac{\partial H_{0}}{\partial v_{0}}$, $(4.13a,b)$
$\emptyset_{C3/2}^{\wedge}=ip_{3/2}x\frac{\partial\Phi_{0}}{\partial\kappa}-i\omega_{3/2}\frac{\partial\Phi_{0}}{\partial v_{0}}+i(p_{1}x-\omega_{1}\Phi_{P})\beta-\frac{2\pi}{C}[\Phi_{1}+(\frac{v_{0}^{2}}{2}+])\frac{\partial\Phi_{0}}{\partial v_{0}}]\gamma$ , (4.14a)
$\hat{\eta}_{C3/2}=ip_{3/2}x\frac{dH_{0}}{dx}-i\omega_{3/2}\frac{\partial H_{0}}{\partial v_{0}}-i\omega_{1}H_{P}\beta-\frac{2\pi}{C}[H_{1}+(\frac{v_{0}^{2}}{2}+1)\frac{\partial H_{0}}{\partial v_{0}}]\gamma$ . (4.14b)
$\gamma$ $[$ $]$ $(\Phi_{P},H_{P})$
$F_{n}=G_{n}=0,$ $I_{n}=1$ (4.5)-(4.8) :
$\Phi_{P}=\frac{3}{2}\Phi-\frac{v\partial\Phi}{2\partial v}-x\frac{\partial\Phi}{\partial x}-z\frac{\partial\Phi}{\partial z}$ , $H_{P}=H-\frac{v}{2}\frac{\partial H}{\partial v}-x\frac{dH}{dx}$ . $(4.15a,b)$







$n=2$ (4.12) $n=5/2$ :
$- \frac{2ah\omega_{3/2}dE}{v_{0}dv_{0}}+2Eq_{1}q_{3l2}=[\omega_{1}^{2}(\frac{dM}{dv_{0}}-v_{0}\frac{dC}{dv_{0}})-v_{0}Mq_{1}^{2}]\beta-i(v_{0}^{2}-1)\omega_{1}\frac{dC}{dv_{0}}\gamma$ . (4.16)
$C,$ $M,$ $E$ $F$ (A7a b,d) (4.13a) $Xarrow\pm\infty$
$\emptyset_{C1}^{\wedge}$
$[ \emptyset_{C1}^{\wedge}1_{arrow-\infty}=[\emptyset_{C1}^{\wedge}1_{arrow\infty}+i\omega_{1}\frac{dC}{dv_{0}}$ , (4.17)
$n=2$ (45) $x$ , $z$ 2
$[ \hat{u}_{C2}]_{\kappaarrow r}=[\hat{u}_{C2}]_{\kappaarrow\infty}+w_{1}^{2}\frac{dM}{dv_{0}}-v_{0}Mq_{1}^{2}$ , (4.18)
$\hat{u}_{C2}$









$F$ ( r-field solution) $\hat{\phi}_{F},\hat{\eta}_{F}$ $O(k^{1l2})$ ,
$O(k^{3/2})$ $xarrow\pm\infty$
((4.4b), (4. $14b)$ ) . (2. 17), (4. 1), (4.20), (4.21) $(221)-(2251’$.
$k^{1/2}$ $\emptyset_{Fn}^{\wedge}$ (n $=$ 1/2,1,3/2, $\cdot\cdot\cdot$ )
$n=1/2,1,3/2,2$ $(\partial^{2}\emptyset_{Fn}^{\wedge}/\partial z^{2}=0$ for $0<z<1,$ $\partial\hat{\phi}_{Fn}/\partial z=0$ at
$z=0,1)$ $z$ :
$\hat{\phi}_{Fn}=\hat{\phi}_{Fn}(X)$ $(n=1/2,1,3/2,2)$ . (4.22)
$X=\pm\pi$ :
$\wedge\wedge Fn(-\pi)=_{Fn}(\pi)$ . (4.23)
$n=5/2$ 3 :
$\frac{\partial^{2}\emptyset_{Fn}^{\wedge}}{\ ^{2}}=J_{n}\equiv[q_{1}^{2}-(\frac{d}{dX}-ip_{1})^{2}]\emptyset_{Fm2}^{\wedge}+2[ip_{3/2}(\frac{d}{dY}-p_{1})+q_{1}q_{3/2}]\hat{\phi}_{Fn-Sl2}$ for $0<z<1,(4.24)$
$\frac{\partial\hat{\phi}_{Fn}}{\partial z}=0$ at $z=0$ , (4.25)
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$n=3$ (4.29) (423) $\hat{\phi}_{F1}(X)$ :
$\hat{\phi}_{F1}=\frac{-\omega_{3/2}+c_{x}p_{3/2}+c_{y}q_{3/2}}{c_{X}}i\chi(X)\beta+\overline{\beta}\exp[\frac{2b\omega_{1}}{1-v_{0}^{2}}i\chi(X)]$ . (4.32)
$\overline{\beta}$ $\chi(X)$
$\chi(X)=\{\begin{array}{l}X+\pi for -\pi<X<0,X-\pi for 0<X<\pi,\end{array}$ (4.33)
$(c_{X},c_{y})$ $(K_{x},K_{y})=(\otimes_{1},kq_{1})$ $(x,y)$
:
$c_{X} \equiv[\frac{\partial\omega_{L}(K_{x},K_{y})}{\partial K_{X}}]_{(\kappa_{r\prime}\kappa_{y}F(k_{ll},kq_{1})}=-\frac{v_{0}\omega_{1}+(v_{0}^{2}-1)p_{1}}{w_{1}+v_{0}p_{1}}(<0)$, (4.34a)














$|\hat{\emptyset}_{Cn}1_{arrow\pm\infty}=\emptyset_{Fn}^{\wedge}$ , $[\hat{\eta}_{Cn}\iota_{arrow\pm\infty}=\hat{\eta}_{Fn}^{*}$ , (4.36)
$n=1/2$ (4.4b) (4.30) $n=1$
$\hat{\phi}_{F1}=(\hat{\emptyset}_{F1}\lambda$ (4.32)
$[ \hat{\emptyset}_{C1}1_{arrow f\Phi}=\pm\pi i\frac{\omega_{3l2}-c_{X}p_{3l2}-c_{y}q_{3/2}}{c_{X}}\beta+\overline{\beta}\exp(\pm i\frac{2\theta\omega_{1}}{v^{2}-1})$ ( ). (4.37)
$n=3/2,2$ $\hat{\phi}_{Fn}=(\hat{\emptyset}_{Fn}1+x(d\hat{\phi}_{Fn-1}/dX\iota$ $x$ $x$
$n=3/2$ (4.30)




$[ \hat{u}_{C2}]_{rarrow\pm\infty}=[-i\frac{\omega_{3l2}}{b}+i\frac{(1-v_{0}^{2})q_{1}}{b\omega_{1}}q_{3/2}\pm\ovalbox{\tt\small REJECT}\omega_{1}\frac{a)_{3/2}-c_{x}p_{3l2}-c_{y}q_{3l2}}{c_{x}}]\beta+iba)_{l}\overline{\beta}\exp(\pm i\frac{2dw_{1}}{v_{0}^{2}-1})$ .
( ) (440)
(4.19) $\hat{u}_{C2}$ 8 $w_{3l2},$ $\beta,\overline{\beta},$ $\gamma$ ,
$\lfloor\hat{\emptyset}_{C1}1_{arrow\pm\infty},$
$[\hat{u}_{C2}|_{\mathfrak{r}arrow\pm\infty}$ 8 (4.16)-(4.18), (4.37), (4.39), (4.40) $\omega_{3/2}$
:
$w_{3l2}= \omega_{1}\frac{q_{3l2}}{q_{1}}+\{\begin{array}{l}\frac{1}{2}(\Delta\pm\sqrt{\Delta^{2}+\Delta_{cr}^{2}}) for b<0\frac{1}{2}(\Delta\pm i\sqrt{-\Delta^{2}+\Delta_{cr}^{2}}) for b>0 and |\Delta|<\Delta_{cr}, (\text{ })\frac{1}{2}(\Delta\pm\sqrt{\Delta^{2}-\Delta_{cr}^{2}}) for b>0 and |\Delta|>\Delta_{cr}.\end{array}$ (4.41)




$b>0$ and $|\Delta|<\Delta_{cr}$ , (4.43)























$(\partial^{2}/\partial x^{2}+\partial^{2}/\partial z^{2}-K_{y}^{2}\beta=-2\pi\delta(x-x’,z-z’)$ ( $\delta$ )
$z=0$ $\partial G/\partial z=0$ $G$
$G(x,z,x’,z’)=K_{0}(K_{y}r)+K_{0}(K_{y}\overline{r})$ . (6.2)
$K_{0}$ $0$ 2








$\frac{\partial\hat{\phi}^{-iK_{\iota^{X}}}}{\partial s}=Pr_{\infty}\sigma(s’)\frac{\partial G}{\partial s}e^{-iK_{X}x’(s’)}ds’$ , (6.5a)
$\frac{\partial\hat{\phi}^{-iK_{z^{X}}}}{\partial n}=\pi oe^{-iK_{r^{X}}}+f_{\infty}\sigma(s’)\frac{\partial G}{\partial n}e^{-K_{z}x’(s’)}ds’$ , (6.5b)
(PV ) $\hat{\phi}(x,z)$ $\hat{\eta}(x)$
$(2.19)-(2.25)$ $\hat{\eta}(s)$ $\sigma(s)$
$\lambda\hat{\eta}=\frac{1}{\cos\theta}[\pi\sigma+f_{\infty}\sigma(s’)\frac{\partial G}{\partial n}ds’+\frac{d(q\cos\theta\hat{\eta})}{ds}]-iK_{X}q\hat{\eta}\cos\theta$, (6.6)
$\lambda f_{\infty}\sigma(s’)Gds’=q\cross P\zeta_{\infty}\sigma(s’)\frac{\partial G}{\partial s}ds’-[q\frac{d(q\sin\theta)}{ds}+1]\hat{\eta}$ . (6.7)
$x(s)=\pm\pi/k$ $q(s)$ $\theta(s)$
$q(s)=[(-v+ \frac{\partial\Phi}{\ })^{2}+(\frac{\partial\Phi}{\partial z}I^{2}]_{(x_{\backslash }:)-(x(s),=(s))}^{1l2}$ $\theta(s)=arcM(\frac{dH}{dx})$ . $(6.8a,b)$
(65), (6.6) $\pi/k<x-\Phi/v<\pi/k$
$2N$ (6.1) -1/2 $=(i-1/2)/N(i=-N+1,\cdots,-1,0,1,\cdots,N)$





$\gamma\gamma$l-t$+$2l)$)\sigma$(s’)ln$|s’-s(\gamma_{j-1l2})|ds’$ $\sigma(s’)$ $S’$ 3
$\sigma(s’)=a_{3}s^{\prime 3}+a_{2}s^{\prime 2}+a_{1}s’+a_{0}$ . (6.9)
$a_{0},$ $a_{1},$ $a_{2},$ $a_{3}$ (69) 4 $s’=s(\gamma_{l-2}),$ $s(\gamma_{i-1}),$ $s(r_{i}),$ $s(\gamma_{i+1})$
(6.6) $d\hat{\eta}/ds$ 4 4
(6.6) (6.7) $\{\hat{\eta},\sigma\}\equiv(\hat{\eta}(\gamma_{-N+1}),\cdots,\hat{\eta}(\gamma_{N}),\sigma(\gamma_{-N+1}),\cdots,\sigma(\gamma_{N}))$ $4N$
$\lambda[Y\eta_{\sigma}^{\hat{\eta}}\}=[Zq_{\sigma}^{\hat{\eta}}\}$ . (6.10)












$k,$ $|K_{X}|$ $|K_{y}|$ 4 $karrow 0$
$k$ $|K_{x}|$ $|K_{y}|$
[13]
3 $a=0.4,0.7$ $k=0.05,0.2$ ( ).
(34) $|K_{x}|>mk/2$ (37) $b>0$
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$(2.1)-(2.4)$ $y$ $t\ovalbox{\tt\small REJECT}$ :
$\emptyset=-v_{0}x+$ 0 $(x,z),$ $\eta=H_{0}(x)$ . (Ala,b)
$v_{0}$




V. $\Phi_{0}=0$ for $0<z<H_{0}$ , (A2)
$\frac{\partial\Phi_{0}}{\partial z}=0$ at $z=0$ , (A3)
$(-v_{0}+ \frac{\partial\Phi_{0}}{h}1\frac{dH_{0}}{dx}=\frac{\partial\Phi_{0}}{\partial z}$ at $z=H_{0}$ , (A4)
$-v_{0} \frac{\infty_{0}}{\ }+\frac{1}{2}[(\frac{\partial\Phi_{0}}{\ })^{2}+( \frac{\partial\Phi_{0}}{\partial z}I^{2}]+H_{0}=1$ at $z=H_{0}$ , (A5)
$\frac{\partial\Phi_{0}}{\ }arrow 0$, $\frac{\partial\Phi_{0}}{\partial z}arrow 0$, $H_{0}arrow 1$ as $xarrow\pm\infty$ . (A6)
[141, Hunter&Vanden-Broeck
[15] [11,16,17].
$F$fl $<v_{0}\leq 1.2942$ , $0<a\leq 0.83332$ ( $a$ )
$H_{0}(x)-1$
$x$ 1 $x=0$ $\Phi_{0}(x,z)-\Phi_{0}(0,z)$ $x$
$H_{0}(x)$ (A6)
$\Phi_{0}$ $xarrow\infty$ $xarrow-\infty$
$C(v_{0}) \equiv[\Phi_{0}]_{\kappaarrow\infty}-[\Phi_{0}]_{\kappaarrow r}=v_{0}M-\frac{2T}{v_{0}}$ . $(A7a)$
McCowan [18] $C$
$M(v_{0})=f_{\infty}(H_{0}-1k,$ $T(v_{0})=f_{\infty}$ $\int^{i_{0}}\frac{1}{2}[(\frac{\partial\Phi_{0}}{\partial x}I^{2}+(\frac{\partial\Phi_{0}}{\ } I^{2}]\$ $(A7b,c)$
$M,$ $T$
$E$
$E(v_{0})=T(v_{0})+ \frac{1}{2}r_{\infty}(H_{0}-1)^{2}dx=f_{\infty}$ $’ 0( \frac{\partial\Phi_{0}}{\ })^{2}\$ , $(A7d)$
Starr[19] ( [20] AppendixA
$)$ .
(Al) $U$
$\emptyset=-vx+\Phi(x,z),$ $\eta=H(x)$ . $(A8a,b)$
42
$\frac{\partial\Phi^{*}}{\partial\kappa}arrow U,$ $\frac{\partial\Phi}{\partial z}arrow 0,$ $H^{*}arrow 1+v^{*}U-\frac{U^{2}}{2}$ as $xarrow\pm\infty$ , (A9)
$\chi$ $1+v^{*}U-U^{2}/2$ , $x$
$-v^{s}+U$
:
$v_{0} arrow\frac{v-U}{\sqrt{h}}$ , $(x,z) arrow\frac{1}{h}(x,z),$ $\Phi_{0}arrow\frac{\Phi^{*}-Ux}{h^{3/2}},$ $H_{0}arrow\frac{H^{*}}{h}$ , (A10)
$h=1+v^{r}U- \frac{U^{2}}{2}$ , (All)
$(A2)-(A6)$ $V^{*}$ $(\Phi^{*},H^{*})$
$(\Phi^{*},H)$ $(\Phi_{0},H_{0})$




$C(v^{*},U) \equiv[\Phi^{*}-U_{X}\iota_{arrow\infty}-[\Phi^{*}-Uxbarrow r=\frac{1}{h}[(v^{*}-U)M^{*}-\frac{2T^{*}}{v^{*}-U}]=h^{3/2}C(\frac{v-U}{\sqrt{h}})$ . $(A13a)$
$M^{\cdot}(v.,U)=r_{\infty}(H^{*}-h\mu_{X},$ $(A13b)$
$T^{*}(v^{n},U)= f_{\infty}dx\int.\frac{1}{2}[(\frac{\partial\Phi^{*}}{\partial x}-U)^{2}+(\frac{\partial\Phi^{*}}{\partial z})^{2}]\$ . $(A13c)$
[1] Phillips, O. M. 1960 On the dynamics of unsteady gravity waves of finite amplitude. Part 1. The
elementary interactions. $J$ FluidMech. 9, 193-217.
[2] Benjamin, T. B. & Feir, J. E. 1967 The disintegration of wave trains on deep water. Part 1. Theory. $J$
FluidMech. 27, 417-430.
[3] Zakharov, V. E. 1968 Stability of periodic waves of finite amPlitude on the surface of a deep fluid. $J$ Appl.
Mech. Tech Phys. 2, 190-194.
[4] Crawford, D., Lake, B. M., Saffman, P. $G$ & Yuen, H. C. 1981 Stability of weakly nonlinear deep-water
waves in two and three dimensions. $J$ FluidMech. 105, 177-191.
[5] Mclean, J. W. 1982 Instabilities offinite-amPlitude water waves. J. FluidMech. 114, 315-330.
[6] Mclean, J. W. 1982 Instabilities of finite-amPlitude gravity waves on water of finite depth. $J$ FluidMech
114, 331-341.
[7] Krasovskii, Yu. P. 1961 On the theory of steady state waves of large amplitude, US.S.R Comput. Maths.
andMath. Phys. 1, 996-1018.
[8] Keady, $G$ & Norbury, J. 1978 On the existence theory for irrotational water waves, Math. Proc. Camb.
Phil. Soc. 83, 137-157.
43
[9] Garabedian, P. 1965 Surface waves of finite depth, J. d’Anal. Math. 14, 161-169.
[10] Kataoka, T. &Tsutahara, M. 2004 Transverse instability of surface solitary waves. $J$ Fluid Mech. 512,
211-221.
[11] Tanaka, M. 1986 The stability ofsolitary waves. Phys. Fluids 29, 650-655.
[12] Wilkinson, J. H. 1965 The Algebraic Eigenvalue Problem. Clarendon, Oxford.
[13] Francius, M. & Kharif, C. 2006 Three-dimensional instabilities of periodic gravity waves in shallow
water. $J$ FluidMech. 561, 417-437.
[14] Amick, C. J. & Toland, J. F. 1981 On solitary water-waves of finite amplitude. Arch. Rat. Mech. Anal. 76,
9-95.
[15] Hunter, J. K. & Vanden-Broeck, J. M. 1983 Accurate computations for steep solitary waves, $J$ Fluid
Mech. 136, 63-71.
[16] Byatt-Smith, J. $G$ & Longuet-Higgins, M. S. 1976 On the speed and profile of steep solitaly waves. Proc.
R. Soc. Lond. A 350, 175-189.
[17] Longuet-Higgins, M. S. & Tanaka, M. 1997 On the crest instabilities of steep surface waves. $J$ Fluid
Mech. 336, 51-68.
[18] McCowan, J. 1891 On the solitary wave. Phil. $Mag.(Ser. 5)32,45-58$ .
[19] Starr, V. T. 1947 Momenmm and energy integrals for gravity waves of finite height. $J$ Mar. Res. 16,
175-193.
[20] Kataoka, T. 2008 Transverse instability of interfacial solitary waves. $J$ FluidMech. 611, 255-282.
44
